Superconductivity at 33 K in Sr 2 VO 3 FeAs is completely suppressed by small amounts of V doping in Sr 2 VO 3 ͑Fe 0.93͑Ϯ0.01͒ V 0.07͑Ϯ0.01͒ ͒As. The crystal structures and exact stoichiometries are determined by combined neutron powder diffraction and x-ray powder diffraction. Sr 2 VO 3 FeAs is shown to be very sensitive to Fe/V mixing, which interferes with or even suppresses superconductivity. This inhomogeneity may be intrinsic and explains scattered reports regarding T c and reduced superconducting phase fractions in Sr 2 VO 3 FeAs. Neutron-diffraction data collected at 4 K indicate incommensurate magnetic ordering of the V sublattice with a propagation vector q Ϸ͑0,0,0.306͒. This suggests strongly correlated vanadium, which does not contribute significantly to the Fermi surface of Sr 2 VO 3 FeAs.
The discovery of iron pnictide superconductors [1] [2] [3] has opened a new chapter in superconductor research. Enormous progress has already been made with respect to the physics of these materials and it becomes increasingly accepted that the weak magnetism inside the iron layers plays a decisive role in superconductivity, 4 even though the specific relationship to the pairing mechanism is still unclear. This weak magnetism appears as a spin-density wave ͑SDW͒ in all ironbased materials with simple PbFCl-͑Refs. 5 and 6͒ and ThCr 2 Si 2 -related structures 7 and is intimately connected with nesting of cylinder-shaped Fermi surfaces by a wave vector q = ͑ , ͒. 8 However, no SDW of that or similar kind has been observed in the more complex arsenides Sr 2 MO 3 FeAs ͑M = Sc,Cr,V͒ ͑Refs. 9-11͒ where the isoelectronic ͑FeAs͒ 1− layers are separated by larger perovskitelike ͑Sr 2 MO 3 ͒ 1+ blocks. Among them, only the V compound Sr 2 VO 3 FeAs is superconducting up to 37 K ͑Ref. 11͒ and it has been controversially argued whether in this case the V atoms significantly contribute to the Fermi surface 12 or not. 16 We suggest that this mixing probably poisons superconductivity. Such mixing of iron and vanadium can also occur in Sr 2 VO 3 FeAs and already small amounts of V in the Fe layer may seriously affect the electronic and magnetic properties.
In order to shed some light on this puzzling material, we have optimized the synthesis of Sr 2 VO 3 FeAs in order to minimize the amounts of impurity phases, which allowed us to perform combined x-ray and neutron-powder scattering investigations. In this Rapid Communication, we report on the exact stoichiometry, magnetism, and superconductivity of differently prepared Sr 2 VO 3 FeAs samples. We show that the superconducting phase is almost ideally stoichiometric, whereas small V doping, which can easily be achieved in the Fe layer, suppresses superconductivity. We present susceptibility data and discuss hints to magnetic ordering of the V sublattice from neutron-scattering data. Sr 2 VO 3 FeAs was synthesized by heating mixtures of strontium, vanadium, iron ͑III͒ oxide, and arsenic oxide in a molar ratio of 20:11:5:5. Two separate batches of 1 g were prepared in alumina crucibles sealed in silica ampoules under an atmosphere of purified argon. Each mixture was heated to 1323 K at a rate of 60 K/h, kept at this temperature for 60 h and cooled down to room temperature. The products were homogenized in an agate mortar, pressed into pellets, and sintered at 1323 K for 60 h. The latter step was performed twice. The batches were then united, reground, pressed into pellets of 6 mm in diameter, and sintered together at 1323 K for 68 h. The obtained black crystalline product Sr 2 VO 3 FeAs is stable in air. Sr 2 VO 3 ͑Fe 0.93 V 0.07 ͒As was synthesized by heating mixtures of strontium, vanadium, iron ͑III͒ oxide, arsenic oxide, and vanadium ͑V͒ oxide in a ratio of 100:54:20:25:3 in two separate batches accordingly.
Resistivity measurements of the undoped sample show a rather broad superconducting transition at 33 K ͑Fig. 1͒. Superconductivity is verified by the zero-field-cooled/fieldcooled measurements using a Quantum Design superconducting quantum interference device magnetometer, however, the estimated superconducting-volume fraction is only 20%. No superconductivity is detected in the V-doped sample. The susceptibilities of V-doped and undoped Sr 2 VO 3 FeAs measured at 1000 Oe and hysteresis loops at different temperatures are depicted in Fig. 2 . Both samples exhibit Curie-Weiss-type paramagnetic behavior between 160 and 390 K. Anomalies appear at Ϸ150, Ϸ70, and Ϸ50 K in the stoichiometric sample and similar also in the V-doped sample. Almost the same behavior has recently been reported in Ref. 14, where the authors suggest possible magnetic transitions of the Sr 2 VO 3 layers and the absence of a structural transition both in agreement with our neutronscattering results ͑see below͒.
X-ray powder-diffraction patterns at room temperature were recorded using a STOE STADI P diffractometer ͑Cu K ␣1 , = 0.154056 nm͒. Neutron powder-diffraction patterns at 300 K and 4 K were recorded at the high-resolution powder diffractometer SPODI at FRM II ͑Garching, Germany͒ with incident wavelengths of 0.155 nm and 0.146 nm, respectively. Rietveld refinements were performed with the TOPAS package 17 using the fundamental parameter approach as reflection profiles. Vanadium was used as a sample container for the neutron measurements and had to be included in the refinements. In order to describe small peak half width and shape anisotropy effects of the samples, the approach of Le Bail and Jouanneaux 18 was implemented into the TOPAS program and the according parameters were allowed to refine freely. Preferred orientations of the crystallites were described using March Dollase or spherical harmonics functions. The Fe:V ratio at both the iron and the vanadium site was determined by refining the occupancy of the neutron and/or x-ray powder data, oxygen deficiency was ruled out by refining the occupancy of all oxygen sites.
The crystallographic data of Sr 2 VO 3 FeAs and Sr 2 VO 3 ͑Fe 0.93 V 0.07 ͒As are compiled in Table I , the powder patterns and Rietveld fits are depicted in Fig. 3 . The amounts of impurity phases were determined by quantitative Rietveld analysis. The undoped sample consists of Sr 2 VO 3 FeAs ͑89.0 wt %͒, Sr 3 V 2 O 7−x ͑7.8 wt %͒, FeAs ͑2.9 wt %͒, and traces of SrO ͑0.3 wt %͒, the doped sample consists of Sr 2 VO 3 ͑Fe 0.93 V 0.07 ͒As ͑87.3 wt %͒ and Sr 3 V 2 O 7−x ͑12.7 wt %͒ as determined by neutron diffraction. However, the doped sample also shows small amounts of a further, unidentified impurity phase, which could not be included in the refinement. The lattice parameters change only slightly on V doping ͑a is shortened by 1.2 pm, c is unchanged͒ but the refinement of the Fe site ͑neutron data͒ displays a mixed occupancy of Fe and V in a ratio of 93Ϯ 1% Fe: 7 Ϯ 1% V in the doped sample. Since the x-ray data give full occupancy of the 2a site ͑see Table I͒, we can rule out vacancies at the Fe site and the Fe/V mixing is unambiguous. In contrast to this, the superconducting undoped sample is almost exactly stoichiometric regarding the V, Fe, and O occupancies.
The neutron-powder pattern of undoped, superconducting Fig. 4 . These can be indexed as satellites of the ͑00ᐉ͒ reflections according to Q ͑001͒ + ⌬Q, Q ͑004͒ − ⌬Q, and Q ͑001͒ − ⌬Q with ⌬Q Ϸ 0.123 Å −1 , respectively. This suggests incommensurate, possibly helical magnetic ordering along the c axis with a propagation vector q Ϸ͑0,0,0.306͒ in reciprocal lattice units. Since low-temperature 57 Fe-Mössbauer data show no signal splitting, 14 we expect ordering of the V sublattice. This supports the idea of highly correlated vanadium in Sr 2 VO 3 FeAs, where vanadium d states are removed from the Fermi level by the magnetic exchange splitting. Recent angle-resolved photoemission experiments 19 are in agreement with this model likewise. Even though our data strongly suggest the existence magnetic ordering, we consider them as preliminary. Further experiments in the low-Q region by polarization analysis are required for a precise determination of the magnetic structure and of the temperature dependence of the magnetic order parameter.
In summary, we have shown that Sr 2 VO 3 FeAs is sensitive to Fe/V mixing in the FeAs layer, which is detrimental to superconductivity. Small V doping of 7%, unambiguously detected by neutron diffraction, suppresses superconductivity completely while the superconducting phase is nearly stoichiometric. We suggest that even smaller Fe/V inhomogeneities are intrinsic in this material and may be responsible for the scattered critical temperatures and superconducting phase fractions reported in the literature. Small but significant additional reflections emerge in the neutron-powder pattern of superconducting Sr 2 VO 3 FeAs at 4 K. A preliminary analysis indicates incommensurable, possibly helical magnetic ordering of the V moments with a propagation vector q Ϸ͑0,0,0.306͒. This is in agreement with strongly correlated vanadium, which does not significantly contribute to the Fermi surface. Thus, Sr 2 VO 3 FeAs fits to the other iron pnictide superconductors and represents no new paradigm, although the absence of iron magnetism and possible selfdoping effects remain open questions.
